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ABSTRACT 

We report the discovery of a localized overdensity at z~1.6 in the GOODS-South Field, presumably 
a poor cluster in the process of formation. The three-dimensional galaxy density has been estimated 
on the basis of well calibrated photometric redshifts from the multiband photometric GOODS-MUSIC 
catalog using the (2+l)D technique. The density peak is embedded in the larger scale overdensity of 
galaxies known to exist at z=1.61 in the area. The properties of the member galaxies are compared 
to those of the surrounding field and we found that the two populations are significantly different 
supporting the reality of the structure. The reddest galaxies, once evolved according to their best fit 
models, have colors consistent with the red sequence of lower redshift clusters. The estimated M 2 oo 
total mass of the cluster is in the range 1.3 x 10 14 — 5.7 x 10 14 M®, depending on the assumed bias 
factor b. An upper limit for the 2-10 keV X-ray luminosity, based on the lMs Chandra observations, 
is Lx = 0.5 ■ 10 43 erg s , suggesting that the cluster has not yet reached the virial equilibrium. 



Subject headings: Galaxies: clusters: general 
distances and redshifts 
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1. INTRODUCTION 

Clusters of galaxies are the largest and most mas- 
sive gravitationally bound structures in the Universe and 
therefore are excellent laboratories to investigate the for- 
mation and evolut ion of galaxies and their interaction 
with environmen t (jMilev et alj|2004 iNakata et alj|2005t 
iTran et al J [20051 ). For this reason finding clusters at 
high redshift is the key to understand the origin of the 
peculiar properties observ ed at low redshift, like mor- 
pholo gy/color segregation (|Dresslerlll980t iDressler et"al"1 
Il997f ) and the presen ce of the 'red sequen ce' in color- 
magnitude diagrams (jKodama et al.l fl998l ) . Studies of 
X-r ay detected massive clusters up to redshifts z ~ 

I. 4 (iTozzi et al.ll2003t iMaughan et "al1l2004t iRosati et all 
l2004tlMullis et alJl2005UStanford et al.ll2006l ) have found 
little evolution in their properties with respect to present- 
day structures despite the large lookback times (~ 65% 
of the age of the universe). However only very massive 
clusters have been detected so far, due to the strong 
dependence of the X-ray luminosity on the gas mass 
(jArnaud et alj [20051 ). Alternatively high-z cluster can- 
didates can be selected on the basis of in frared imaging, 
as in the Spitzer/IRAC Shallow Survey (Stanford et al. 
2005) , as long as these structures are dominated by mas- 
sive elliptical galaxies, whose emission is peaked at 1- 
2 /im. Finally surveys based on the Sunyaev-Zeldovich 
(SZ) effect that is, in principle, redshift independent, do 
not reach yet the required sens itivity to detect any o f 
the known clusters at z > 1 (ICarlstrom et al.l [2002) . 
A completely different approach consists in searching 
for concentrations of Lya emitters near radio galax- 
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ies, assumed to be tr acers of high density regions (e.g., 
IVenemans et al.ll2007| ). This method however, besides se- 
lecting only proto-clusters associated with these peculiar 
objects, is limited at z > 2 for ground based observations. 

Methods used at low redshift become impractical 
for finding dist ant clusters. The Fri ends of Friends 
(FOF) method (|Huchra fc Gellerl Il982) can be applied 
to spectroscopic surveys which have much brighter mag- 
nitude limits with respect to photometric ones. Two- 
dimensional (2D) photometric surveys, which are deeper, 
have been analyzed but additional assumptions have 
to be applied, e.g. on the galaxy lumi nosity function 
(LF) , as in the Matched Filter algorithm ([Postman et al.l 
|1996|) . or assuming a priori the presence of a red se- 
quence ([Gladders k, Yed[2005[ ). These methods present 
some difficulties in the redshift range 1 < z < 2, where 
according to the relevant models and observations we ex- 
pect to find the red se quence formation and the first hints 
of color segregation ([Cucciati et al.l [20061 ). To exploit 
the advantages of deep photometric surveys without any 
assumption on cluster properties we use a different ap- 
proach , the (2+l)D algorithm described in lTrevese et al.l 
(2007) and in section 3. It is based on an estimate of 
three dimensional densities using simultaneously angu- 
lar positions and photometric redshifts, obtained from 
multi-band photometry at the deepest observational lim- 
its. Although the uncertainty of photometric redshifts is 
higher than that of spectroscopic ones, they have been 
already used for the detection of large scale structures 
(|Trevese et all 120071: [Scbville et al.ll2007[ ). 
All the magnitude used in the present paper are in the 
AB system. We adopt a riA=0.7, ^m=0.3 and H o =70 
Km s _1 Mpc -1 cosmology. 

2. THE GOODS-MUSIC SAMPLE 

We use the multicolor GOODS-MUSIC catalog ex- 
tracted from a deep and wide survey over the Chandra 
Deep Field South. The data comprise 14 bands photonic- 



2 



Castellano et al. 



try, including the i7-band data from the 2.2ESO (C/35 and 
U 3S ) and VLT-VIMOS (Uvimos), the ACS-HST data 
in four bands (F435IU, F606W, F775W and F850LP), 
VLT-ISAAC data (J,H and Ks) and Spitzer data pro- 
vided by IRAC instrument (3.5, 4.5, 5.8 and 8 /j,m). All 
the images cover an area of 143.2 arcmin 2 , except for the 
U-VIMOS image (90.2 arcmin 2 ) and the H image (78.0 
arcmin 2 ). The multicolor catalog contains 14847 extra- 
galactic objects, selected either in the z§5o or in the Ks 
band. We use the Zsso-selected sample (zsso ~ 26) which 
contains 9862 galaxies (after excluding AGNs and galac- 
tic stars). Since the S/N ratio varies along the image 
a single magnitude limit cannot be defined, so the sam- 
ple is divided in 6 sub-catalogs each with a well defined 
area and magni tude limit in the ra nge 24.65-26.18 (for 
more details see lGrazian et al. 2006). About 10% of the 
galaxies in the sample have spectroscopic redshift. For 
the other galaxies we have computed photometric red- 
shift using a standard x 2 minimization over a large set of 
templates obtained from synthetic spectral models, using 
the P EGASE 2.0 libraries dFioc fc Rocca-Volmerangt 
11997ft . See also lGiallongo et al.l(|1998ft and lFontana et al. 
((2000) for further discussion of the method. The com- 
parison with the spectroscopic subsample shows that 
the accuracy of the photometric redshift is very good, 
with (\Az/(l + z)\) = 0.03 up to redshift z = 2. A 
m ore detailed descript ion of this catalog can be found 
in lGrazian et all (|2006l ). 

3. FINDING ALGORITHM AND CLUSTER DETECTION 

At low redshift, where background/foreground con- 
taminations are acceptable, the analysis of the s urface 
densi ty is sufficient to detect galaxy clusters (e.g., lAbelH 
11958ft . Similarly, using spectroscopic redshifts it is possi- 
ble to compute the three-dimensional distance D n to the 
n-th nearest neighbor and derive a volume density. 

In deep photometric surveys, where spectroscopic red- 
shifts are not available for most of the galaxies, we have 
developed a method that consists in combining, in the 
most effective way, the angular position with the distance 
computed from the photometric re dshift of each object . 
The method is described in detail in lTrevese et alj (|2007f ) 
and has been adapted here to analyze a composite sam- 
ple of galaxies from sub-catalogs with different magni- 
tude limits. We divide the survey volume in cells whose 
extension in different directions (Act, AS, Az) depends 
on the relevant positional accuracy and thus are elon- 
gated in the radial direction. We have chosen the cell 
sizes small enough to keep an acceptable spatial resolu- 
tion, while avoiding a useless increase of the computing 
time. We have adopted, at z ~ 1, ~ 60 Mpc (comov- 
ing) in the radial direction and ~ 2.4 arcsec ~ 40 kpc 
(comoving) in transverse direction (a, 5). For each cell 
in space we then count neighboring objects at increasing 
distance, until a number n of objects is reached. We then 
assign to the cell a comoving density p = n/V n where 
V n is the comoving volume which includes the n-nearest 
neighbors. The choice of n is a trade off between spa- 
tial resolution and signal-to-noise ratio. For the GOODS 
field we have fixed n = 15. Note that the algorithm 
does not use a fixed smoothing lenght, but the resolu- 
tion increases with density. We take into account the 
increase of limiting absolute magnitude with increasing 
redshift for a given apparent magnitude limit, assigning 




Fig. 1. — Density isosurfaces at z~ 1.6 (average, average+ler 
to average+6<r) superimposed on the ACS 2:850 band image of the 
GOODS-SOUTH field. The angular dimension of 1 Mpc (comov- 
ing) at z=1.6 is indicated in the top-left corner. 




Fig. 2. — The enlargement of the ACS Z850 image showing the 
density peak. White contours are as in Figure 1. Black lines are 
X-ray contours in the 0.4-3 keV interval. 

a weight w(z) = l/s(z) to each detected galaxy at red- 
shift z, where s(z) is the fraction of objects detected with 
respect to a reference redshift z c below which we detect 
all objects brighter than the relevant M c = Mu m (z c ): 
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$(M) is the redshift dependent galaxy luminosity func- 
tion computed on the same GOODS-MUSIC catalog 
(Salimbeni et al. 2007, submitted), mu m is the apparent 
magnitude limit which, in the GOODS-MUSIC sample, 
depends on the position, Mu m (z) is the corresponding 
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absolute magnitude limit at the given redshift z. We use 
this magnitude correction to obtain a density scale inde- 
pendent of redshift, at least to a first approximation. In 
computing Mu m (z) we use k - and evolutionary - cor- 
rections for each object computed with the same best fit 
SEDs used to derive the photometric redshift. Galaxy 
overdensities, which can be regular clusters or groups 
as well as filamentary or diffuse structures, are defined 
as connected 3-dimensional regions with density exceed- 
ing a fixed threshold (see below). We have computed 
the average and r.m.s. dispersion of the density field 
on the comoving volume in the range 0.4 <z< 2.0. Be- 
low the lower redshift limit, the comoving volume sam- 
pled is too small to provide a reasonable statistics; on 
the other hand at redshift above 2 the limiting mag- 
nitude correction discussed above becomes less reliable. 
We use a density threshold of 2a above the average to 
identify structures. Several major localized peaks at dif- 
ferent redshifts emerge from the entire fiel d, some of 
them a lready discussed in t h e literature, e.g. IGilli et al.l 
l|2003f) . lTrevese et al.l (|200l . iDi'az Sanchez et al J (|2007T) . 
In this letter we focus on a peak centered at z^l.6, which 
is the most significant at z>l in this field. The exis- 
tence of a diffuse structure at this reds hift is already 
known from spectroscopic observations (ICimatti et all 
I2002t IGilli et al.ll2003t iVanzella et "all 120051 120061) . and 
it is indicated by the presence of 28 objects, distributed 
over the entire GOODS field, with redshift in a small 
interval around z=1.61. We also detect this large scale 
overdensity at this redshift, diffuse on the entire GOODS 
field. Within this extended structure we isolate a com- 
pact, higher density peak, approximately centered at 
RA=03>*32 m 29.28 s , DEC=-27°42'35.99" as shown in 
Figure 1, that we identify as a cluster, having a total ex- 
tension of approximately 3x3 Mpc (comoving). Indeed 
it is apparently a symmetric structure that, like most 
lower redshift clusters, is e mbedded in a wider w all-like 
or filamentary overdensity (Kod ama et al.ll2005h . A vi- 
sual inspection of the ACS images shows that the struc- 
ture is centered on a large, star-forming and remarkably 
irregular galaxy (see Figure 2). 

The existence of the structure is confirmed by a com- 
parison of galaxies in the higher density region around 
the peak with 'field' galaxies at the same redshift in the 
rest of the GOODS field. The first sample includes 45 
galaxies having an associated density of at least p = 0.022 



Mpc~ 



p + 2a p and photometric redshift in the range 



1.45 <z< 1.75 (i.e. 1.6 ±2a z at that redshift). 'Field' 
galaxies are those objects, in the same redshift inter- 
val, with associated p < 0.022 Afpc~ 3 (to avoid other 
smaller overdensities that are present in the field) and 
outside a square whose side is 2xRa (the Abell radius, 
2.14 Mpc, comoving, with h=0.7) centered on the over- 
density peak, to avoid any contamintion from members 
of the cluster. For these two samples we have com- 
puted the distributions of rest frame U-V colors, total 
stellar mass and rest frame Mb magnitude. In Figure 
3 we plot the resulting distributions. We find that the 
galaxies in the overdensity are significantly brighter and 
more massive than the field galaxies and there is also 
evidence of a color segregation, although the overden- 
sity is mainly formed by blue star-forming objects with 
only few red and passively evolving galaxies. Accord- 
ing to a Kolmogorov-Smirnov test, the probability of the 
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Fig. 3. — Histograms of the (U-V) color, total stellar mass (in 
solar units) and Mb (AB) magnitude for objects selected in the 
field (shaded histogram) or in the cluster, as described in the text. 
In each panel we indicate the Kolmogorv-Smirnov probability of 
the null hypothesis that the two samples are drawn from the same 
distribution. The averages of the distributions are indicated with 
arrows. 
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Fig. 4. — Fraction of red galaxies, selected with (U-V) color, as 
described in the text, on the entire GOODS field in the redshift 
interval 1.45 < z < 1.75, as a function of the associated density. 

null hypothesis that the mass, Mg magnitude and (U-V) 
color distributions inside and outside the overdensity are 
randomly drawn from the same distribution is 1.5 • 10~ 4 , 
6.1T0 -4 and 5.4-10 -2 respectively. Therefore, at least for 
stellar mass and magnitudes, we can conclude that the 
two populations are significantly different, thus support- 
ing the evidence that this is a real structure. The (U-V) 
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color distribution in the overdensity is slightly different 
from that of the surrounding field. This is also shown 
by the fraction of red galaxies as a function of the en- 
vironmental density. Red galaxies are defined as those 
with (U - V) > -0.08 • (M B + 20) + 1.36, the refer- 
ence color corresponding to the locus of the minimum 
between the blue and red populations at this redshift in 
the GOODS-MUSIC catalog, as derived by Salimbeni ct 
al. 2007 (submitted). In Figure 4 we show the frac- 
tion of red galaxies as a function of the environmental 
density on the entire GOODS field. The highest density 
bin corresponds, in practice, to the cluster. The color 
segregation is much less evident than at lower redshift 
(|Trevese et al.l [20071) . to the point that, given the large 
uncertainties, it is not possible to exclude the absence 
of any trend of the red fraction with density. We have 
performed a fit of the data in the two different hypothe- 
sis of (i) a constant value of the red fraction; (ii) linear 
growth of the red fraction with density. On the basis of 
a two-tails \ 2 test, both solutions are compatible with 
the data (P(x 2 ) > 15%). 

We also find, in agreement with ICucciati et all (|2006l ) 
that, at this redshift, the fraction of 'red' galaxies is 
much lower than the fraction of the 'blue' ones, for every 
value of the environmental density. This implies that, in 
this case of a small forming structure, the detection of 
the overdensity through its reddest members would have 
been more difficult. 

4. PROPERTIES OF THE STRUCTURE 

A more detailed analysis of the structure can be car- 
ried out from the study of the color-magnitude diagram. 
In the upper panel of Figure 5 we show the observed 
(zsso-Kg) vs. K s color-magnitude diagram for galax- 
ies located within the overdensity. The best-fit models 
of the 9 r eddest galaxies (z^ n — K s > 2.2) , from the 
library of iBruzual fc Chariot! (|2003t ). show that seven 
are fit by passively evolving models with a short star- 
formation e- folding time (r ~ 0.3 Gyr), ages larger 
than 2 Gyr (corresponding to Zf orm > 3), total stel- 
lar mass around 10 11 Mq and no significant dust red- 
dening. Of the remaining two objects, one is similar 
to the other seven but is fit by a model with r ~ 1 
Gyr and a moderate star-formation rate. The last ob- 
ject, which is the faintest of the nine galaxies in the K s 
and 2850 bands, is fit by a young (age < 100 Myr) and 
extremely star forming galaxy, reddened by dust (E(B- 
V) ~ 0.9). According to the best-fit models, we have 
evolved these galaxy populations from z=1.6 to z=1.24 
to compare them to the 'red sequence ' found for the 
cluster RDCS J1252. 9-2927 at z=1.24 (palgslee et al.l 
120031 ILidman et al.ll2004l : iDemarco et al Il2007h and rep- 
resented by the lines in the lower panels of Figure 5. We 
find a good agreement with the 'red sequence' obtained 
by these authors. It is remarkable that at decreasing red- 
shift the objects become less dispersed around the linear 
fit obtained for lower z clusters. We note that, of this 
nine red galaxies, only the dusty, high-SFR object re- 
mains significantly away from the red sequence, while 
the object with r ~ 1 Gyr appears to be exactly in the 
linear sequence in one of the two plots ((1775 — ^sso) v $ 
zg5o) and at some distance in the other {(z^-Ks) vs. 
K s ). 

We have estimated the mass associated with this over- 
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Fig. 5. — Upper panel: color magnitude diagram (zgso-Ks) 
vs. K B for the galaxies of the sample, the dashed line corre- 
sponds to the observed magnitude limit 2850=26.18. Lower panels: 
color-magnitude diagrams (1775 — Z850) vs zgso (left) and (J-K s ) 
vs K s (right) with observed colors (crosses) and colors evolved, 
as described in the main body, up to redshift 1.24 for the same 
objects (filled dots). The continuous lines are the linear fits of 
th e 'red sequence' in the cluster RDCS J1 252. 9-2927 at z=1.24 
bv lBlakeslee et al.l 1120031) (left panel) or by IDemarco et al.l (120071) 
(right panel). The dotted line in the right panel is the fit by 
ILidman et"atl 1120041) for the same cluster. 

density using the galaxy density contrast and adapting 
to our case the method used f or spectroscopic data at 
higher z bv lSteidel et~aTl (|1998h : 

M = p u ■ V ■ (1 + 5 ga i/b), 

where p u is the average density of the Universe and b is 
the bias factor that w e assume in the interval 1 < b < 3 
(|Arnouts et al.lfT999f ). First we count the objects in the 
photometric redshift range 1.45 < z < 1.75 as a function 
of the cluster-centric radius. Then we perform a statisti- 
cal subtraction of the background/foreground field galax- 
ies in each magnitude bin computing their mean surface 
density in the rest of the field and in the same redshift 
interval. Finally the 3d galaxy density contrast 5 ga i is 
computed assuming spherical symmetry of the structure. 
The mass M200, inside the radius within which the den - 
sity contrast is S to t = 5 ga i/b ~ 200 (jCarlberg et al.fl997l ). 
is m the interval 1.3 x 10 14 - 5.7 x 10 14 M G depending 
on the assumed bias factor. When the value of the ra- 
dius is equal to Ra, as defined in section 2, we obtain 
a rough estimate of the richness and mass following the 
Abell classification. After the statistical subtraction of 
the field objects, the number of galaxies within the Abell 
radius is N = 41, of which 28 are between 7713 and 7773 + 2, 
comparable to that of a richness class cluster. The cor- 
responding mass is in the range 1.4 x 10 14 — 4.1 x 1 14 M Q , 
indeed typical for a poor cluster (|Sarazi n] [l988l ). How- 
ever, these richness and mass have to be considered as 
lower limits, because the density contrast is computed 
with respect to the average density of the GOODS field, 
which, in the range 1.45 < z p hot < 1-75, is dominated by 
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the large scale structure discussed before that comprise 
the cluster itself. 

Given th at the area was cover ed by deep Chandra ob- 
servations (|Giacconi "eTaLi r2002'l. we have checked if the 
cluster has associated X-ray emission, which could be 
an indication of the virialization status. An inspection 
of the lMs Chandra observation of the field shows that 
X-ray emission is detected within the core and it is di- 
vided in three different clumps (Fig. 2): in particular 
the elongated X-ray clump located at the center of the 
structure includes several overdensity members, altough 
it could in part be contaminated by a Seyfert galaxy at 
z^ 0.6. The total count rate in the interval 0.3-4 keV 
is (7.40 ± 1.65) x 10~ 5 . Assuming a thermal spectrum 
with T=3 keV and Z=0.2 Z Q , we obtain a total flux 
5 ■ 10~ 16 erg s _1 cm~ 2 (in the interval 0.3-4 keV) and 
a total emission Lx ~ 0.5 • 10 43 erg s~ 4 (in the in- 
terval 2-10 keV). However, the uncertainty on the flux 
is of a factor 2 depending on the assumed temperature 
of the thermal spectrum. This total flux is lower than 
what is expected for a cluster of this mas s and richness 
(Lx > 10 43 erg s"\ iRosati et al.ll2002t iLedlow et all 
2003). The low luminosity and the irregular morphology 
of the X-ray emission thus indicate that the group/poor 
cluster has not yet reached its virial equilibrium. 

5. SUMMARY AND CONCLUSIONS 

We have used an estimation of the three dimensional 
density of galaxies, through the (2+l)D algorithm, to 
detect structures in the GOODS-SOUTH field. The one 
at z^ 1.6 presented in this paper is the most significant 
at z > 1 in the entire GOODS field, and it consists of a 
density peak embedded in an already known large scale 
structure. The reality of this structure is confirmed by 
the fact that the mass and luminosity distributions of its 
galaxy population are significantly different from that of 
the surrounding field at the same redshift. The over- 
density consists mainly of star-forming galaxies and few 
passively evolving objects. The reddest galaxy members 
in the overdensity are consistent with being the progeni- 
tors of the red sequence galaxies known at lower redshifts. 
We have estimated the richness of the cluster (richness 
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class in the Abell classification) and its M200 mass, 
that is in the range 1.3 x 10 14 - 5.7 x 10 14 M Q . The 
X-ray data from the Chandra 1 Ms observation show the 
presence of faint, clumpy emission within the core. This 
irregular morphology and the low total luminosity indi- 
cates that the structure has not yet reached its virial 
equilibrium. This also implies that the detection of a 
cluster of this kind, through X-ray observations, would 
have been unfeasible. From the complete photometric 
and X-ray analysis we can conclude that this structure 
is probably a forming cluster of galaxies. A posteriori, 
we can say that the detection through other techniques, 
such as those employe d by the 'red sequence surveys' 
( Glad ders k, Yed 120 05) or clustering of IRAC sources 
( Stanford et al.ll2005T ) , would have been more difficult be- 
cause most of the cluster members are blue star-forming 
objects and there is only a small number of galaxies in 
the red-sequence. In addition, the absence of any pe- 
culiar/active source is not surprising given that these 
kind of objects trace only a small fraction of the h igh-z 
overdensities, as discussed in lVenemans et all (|2007lh In 
conclusion, the use of photometric redshifts made possi- 
ble the individuation of a structure not easily detectable 
otherways. However, spectroscopic observations of the 
overdensity are required to have a precise knowledge of 
the real members of the cluster and measure its velocity 
dispersion. Nonetheless, we can state that this struc- 
ture shows the properties expected for a forming cluster, 
with hints of color and mass segregation, and that it 
will probably end up in a moderately rich and virialized 
present-day cluster. 



We thank Dr. Michael Strauss for his valuable sugges- 
tions. We thank the whole GOODS Team for providing 
all the imaging material available worldwide. Observa- 
tions have been carried out using the VLT at the ESO 
Paranal Observatory under Program IDs LP168.A-0485 
and ID 170.A-0788 and the ESO Science Archive under 
Program IDs 64.O-0643, 66.A-0572, 68.A-0544, 164.0- 
0561, 163.N-0210 and 60.A-9120. 



Gilli, R., Cimatti, A., Daddi, E., et al. 2003, ApJ, 592, 721 
Gladders, M. D., & Yee, H. K. C, 2005, ApJS, 157, 1 
Grazian A., Fontana A., de Santis C, et al., Apr. 2006, A&A, 449, 
951 

Huchra, J., & Geller, M. 1982, ApJ, 257, 423 

Kodama, T., Arimoto, N., Barger, A. J., & Aragon-Salamanca, A. 

1998, A&A, 334, 99 
Kodama, T., Tanaka, M., Takayuki, T., et al., 2005, PASJ, 57, 309 
Ledlow, M.J., Voges, W., Owen, F.N. & Burns, J.O., 2003, AJ, 

126, 2740 

Lidman, C, Rosati, P., Demarco, R., et al., 2004, A&A, 416, 829 
Maughan, B. J., Jones, L. R., Ebeling, H., & Scharf, C. 2004, 

MNRAS, 351, 1193 
Miley, G. K., Overzier, R. A., Tsvetanov, Z. I., et al. 2004, Nature, 

427, 47 

Mullis, C. R., Rosati, P., Lamer, G., et al. 2005, ApJ, 623, L85 
Nakata, F., Bower, R. G., Balogh, M. L., & Wilman, D. J. 2005, 

MNRAS, 357, 679 
Postman, M, Lubin, L. M., Gunn, J. E., et al. 1996, AJ, 111, 615 
Rosati, P., Borgani, S., & Norman, C, 2002, ARA&A, 40, 539 
Rosati, P., Tozzi, P., Ettori, S., et al. 2004, AJ, 127, 230 
Sarazin, C. L. 1988, X-ray Emission from Clusters of Galaxies , 

(Cambridge University Press, Cambridge) 



6 



Castellano et al. 



S coville, N., Aussel , H., Benson, A., Blain, A., et al., 2006, 

|astro-ph/0612384| 
Stanford, B. A.; Kisenhardt, P. R., Brodwin, M., et al., 2005, ApJ, 

634L, 129 

Stanford, S. A., Romer, A. K., Sabirli, K., et al., 2006, ApJ, 646L, 
13 

Steidel, C.C., Adelberger, K.L., Dickinson, M., et al., 1998, ApJ 
492, 429 

Tozzi, P., Rosati, P., Ettori, S., et al. 2003, ApJ, 593, 705 
Tran, K. H., van Dokkum, P., Illingworth, G. D., et al. 2005, ApJ, 
619, 134 



Trevese, D., Castellano, M., Fontana, A., & Giallongo, E., 2007, 
A&A 463, 853 

Vanzella, E., Cristiani, S., Dickinson, M., Kuntschner, H., et al. 

2005, A&A 434, 53 

Vanzella, E., Cristiani, S., Dickinson, M., Kuntschner, H., et al. 

2006, A&A 454, 423 

Venemans, B. P., Rottgering, H. J. A., Miley, G. K., van Breugel, 
W. J. M., et al., 2007, A&A 461, 823 



